primarily of Paleoproterozoic age. The eastern part of Australia consists of the much younger Tasman Fold Belt (Palaeozoic^Mesozoic), which formed since the Delamerian orogeny (Cambrian^Ordovician) by accretion of terranes to the Australian craton (Plumb, 1979; Foden et al., 2006) . The contact between the Australian craton and the Tasman Fold Belt is marked by the Tasman Line, which is interpreted as the rifted margin of the Proterozoic supercontinent Rodinia (Veevers, 1984; Fig. 1) . The compositional and thermal structure of the lithosphere beneath the Tasman Fold Belt has been extensively studied through xenoliths, which were brought to the surface by widespread Jurassic to Cenozoic basaltic volcanism in Eastern Australia, including Queensland, New South Wales, Victoria, and southern South Australia (Ferguson et al., 1977; Sutherland & Hollis, 1982; O'Reilly & Griffin, 1985) . The composition and the thermal structure of the lithosphere on the western, cratonic side of the Tasman Line is less well constrained, primarily as a result of the relative scarcity of volcanic rocks carrying suitable mantle xenolith assemblages. Although xenoliths from the lithosphere of the Australian craton have been recovered from kimberlites in the Adelaide Fold Belt, most of these xenoliths are of crustal or uppermost mantle origin (Ferguson & Sheraton, 1979; . Thus far, samples from the deeper lithospheric mantle beneath this region have been restricted to isolated xenocrystic mineral grains, such as garnet, clinopyroxene, ilmenite, chromite, and rare diamond (Scott Smith et al., 1984; Gaul et al., 2003; Tappert et al., 2007 Tappert et al., , 2009 ). Initial petrological studies of mantle xenocrysts from the Adelaide Fold Belt suggested that, during the Jurassic kimberlite volcanism, the region was underlain by a cool lithospheric mantle with a geothermal gradient similar to Archaean JOURNAL OF PETROLOGY VOLUME 52 NUMBER 10 OCTOBER 2011 cratonic settings (Gaul et al., 2003) . These results, however, are in contrast to those based on lower crustal xenoliths (eclogites and mafic granulites) and shallow upper mantle xenoliths, which were in part derived from the same kimberlites as the xenocrysts, but which indicate a much higher geothermal gradient . The identification of a unique suite of garnet peridotite xenoliths in the recently discovered Monk Hill kimberlite (UCO-H77A) in South Australia now allows a much more robust estimate of the P^Trelations. The petrological data presented in this study from this suite of xenoliths have allowed us to constrain the thermal and compositional structure of the lithosphere beneath the Australian craton in this region at the time of kimberlite emplacement in the Jurassic.
S A M P L E S A N D A NA LY T I C A L T E C H N I Q U E S
A total of 73 xenoliths from the Monk Hill kimberlite were selected for this study. They were recovered from heavy mineral concentrates of around 100 tonnes of processed kimberlite. The xenoliths are small (partly determined by the processing methods), ranging in size from 0·5 to 1·5 cm (Fig. 2) . The studied samples were selected from several hundred specimens based on the visual presence of unaltered coexisting garnet (purplish-red), orthopyroxene (yellowish-brown), and clinopyroxene (bright green). Two xenoliths without visible clinopyroxene were also included in this study. Xenoliths containing only garnet and clinopyroxene, which represent the majority of the samples, were not included. The additional presence or absence of chromite was not used as selection criterion. All xenoliths were mounted in epoxy resin and polished until at least one crystal of each of the coexisting minerals was exposed to the surface.
In addition to the polymineralic xenoliths, a large number of single mantle xenocrysts were recovered from the heavy mineral concentrates from the Monk Hill kimberlite, including garnet, clinopyroxene, orthopyroxene and chromite. The majority of the xenocrysts are visually and compositionally indistinguishable from their counterparts in the xenoliths, indicating that they may represent fragments of disintegrated xenoliths. Besides these xenolith-like xenocrysts, which are characterized by relatively small sizes (1^5 mm), a much coarser (4 1cm) population of garnet, clinopyroxene, and orthopyroxene megacrysts is present in the mineral concentrates. These megacrysts are distinctive not only because of their overall larger grain sizes. Compared with the bulk of their xenolith and smaller xenocryst counterparts, the clinopyroxene megacrysts are distinctively paler green and the garnet megacrysts generally less purple in colour. Unlike the clinopyroxene megacrysts, the garnet megacrysts are usually coated by a thin layer (5 1mm) of kelyphite.
Major and minor element compositions of the mineral assemblages within the xenoliths and selected xenocrysts were determined using a CAMECA SX-51 electron microprobe at the University of Adelaide. For each mineral grain, 2^4 point analyses were averaged. Where possible, multiple grains of each mineral were analysed. The measurements were performed using a 15 kVacceleration voltage and 20 nA probe current. Depending on the element, peak and background counting times each ranged from 20 to 40 s, respectively. The concentration were subsequently corrected using the PAP method. The detection limit for the oxide species is of the order of $200 ppm (except Na 2 O: $400 ppm). Accuracy and precision were tested on secondary standards (synthetic and natural minerals) and are within $1·0% relative for the major elements.
Concentrations of 27 trace and minor elements (Na, Sc, Ti, Mn, Ni, Ga, Sr, Y, Zr, Nb, Ba, REE, Hf, Ta) were analysed in situ for a limited number of epoxy-mounted garnet and clinopyroxene xenocrysts by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). The Agilent 7500cs ICP-MS system at the University of Adelaide was coupled to a New Wave NdŶ AG UV-laser (213 nm) system. The counting time for each sample was typically 100 s. The NIST 612 glass standard, which was analysed after every 5^10 samples, was used to calibrate the element concentrations of the garnets and clinopyroxenes. Each analysis was normalized using Ca values determined by electron microprobe.
Two garnet and two clinopyroxene megacrysts were selected for Sm^Nd isotope analysis. The samples were selected based on the absence of apparent fractures and other signs of severe alteration. The size of the crystals was between 1·5 and 2 cm. The Sm^Nd isotope dilution 
R E S U LT S Mineral compositions
Because of the small size of the xenoliths and the relatively large grain sizes of the minerals in the xenoliths, modal mineral abundances vary greatly between samples (Fig. 2) . This restricts the possibility of classifying the xenoliths petrographically. Another complication with their classification is the absence of olivine in all samples. This absence can be attributed to the alteration that took place within the host kimberlite after emplacement. Textural evidence suggests that olivine was present in the original xenolith assemblages, but has been completely transformed into serpentine and other low-temperature alteration products (e.g. clay minerals). The presence of relict serpentine on the surface of some of the xenoliths (Fig. 2) supports the assumption that olivine was part the original xenolith assemblages, but the bulk of the serpentine and other alteration minerals was probably removed during the heavy mineral recovery process. Owing to the petrographic challenges, the classification of the xenoliths is primarily based on the composition of the garnets, which in peridotites are sensitive indicators of the mineralogical composition of the bulk-rock (Gurney & Switzer, 1973; Sobolev et al., 1973; Dawson & Stephens, 1975; Schulze, 2003; Gru« tter et al., 2004) .
No significant compositional zoning within any of the minerals was observed, and, within the analytical errors, multiple grains of the same mineral from each xenolith are compositionally identical. This confirms that the xenoliths are fully equilibrated samples in equilibrium with the P^T conditions of the Jurassic lithospheric mantle (conductive) geotherm.
Garnet
Garnets from the Monk Hill xenolith suite have compositions that are typical for peridotitic garnets, with Mg-numbers [Mg/(Mg þ Fe)] between 0·78 and 0·84, chromium contents between 1·0 and 7·1wt % Cr 2 O 3 , and calcium contents between 4·6 and 7· 0 wt % CaO. Based on the relationship between their calcium and chromium contents, the bulk of the garnets can be classified as lherzolitic, or G9 garnets, which is consistent with the presence of clinopyroxene and orthopyroxene in theses samples (Fig. 3a) . Based on the classification scheme of Gru« tter et al. (2004) , the garnets in one xenolith were classified as wehrlitic, or G12 garnets. Another xenolith contained garnets that were classified as 'G4' garnets. The G4 class incorporates a range of garnet types, such as low-Ca eclogitic, websteritic, pyroxenitic, and low-Cr peridotitic garnets, which show considerable compositional overlaps. Because the G4 garnets in this study fall just marginally outside the field of lherzolitic garnets (Fig. 3a) , and their Mg-number (0·80) overlaps with typical peridotitic garnets, we classified these garnets loosely as low-Cr peridotitic garnets. The garnets from two other xenoliths were classified as low-Cr megacrystic garnets (G1), based on the Gru« tter et al. (2004) classification scheme. These garnets are characterized by relatively high titanium contents of $0·5 wt % TiO 2 (Table 1) . However, they also have high Mg-numbers (0·84), which indicates that they are compositionally more closely linked to the lherzolitic garnets rather than to typical megacrysts. Besides that, they also lack the large grain size of typical megacrysts. To acknowledge their link to the other peridotitic garnets in this study, we refer to them here as high-Ti peridotitic garnets, rather than as low-Cr megacrysts.
The major and minor element composition of the isolated garnet xenocrysts (Fig. 3b ) was found to be similar to those of the garnets from the xenoliths, with lherzolitic garnets dominating over low-Cr peridotitic and high-Ti peridotitic garnets. However, no isolated wehrlitic garnets were present. The chondrite-normalized rare earth element patterns (REE N ) of the various garnet classes were also found to be similar (Fig. 4, Table 2 ). The garnets generally have subchondritic to chondritic concentrations of La and Ce (light REE; LREE). With increasing atomic number, the REE N continuously increase towards $10^80 times chondritic concentrations of Yb and Lu (heavy REE; HREE). A few garnets were found to have slightly sinusoidal patterns (Fig. 4) . The REE N of the Monk Hill xenocryst garnets are overall typical for garnets derived from fertile peridotites (lherzolites) (Gregoire et al., 2003; Viljoen et al., 2004) . This interpretation is supported by the relationship between their Zr and Ycontents, which indicates that the garnets were mainly derived from fertile lherzolites that had experienced variable degrees of melt metasomatism (Fig. 5) . The most pervasive melt JOURNAL OF PETROLOGY VOLUME 52 NUMBER 10 OCTOBER 2011 metasomatism, however, appears to be restricted to the high-Ti peridotitic garnet suite, which overall have higher Zr and Y contents than the bulk of the lherzolitic and low-Cr peridotitic garnets (Fig. 5 , Table 2 ). The garnet megacrysts that were selected for Sm^Nd isotope analysis were compositionally classified as low-Cr megacrysts (G1). Their titanium contents (0·76, 0·88 wt % TiO 2 ) are higher than those of any xenolith garnets (Table 5) . Compared with the high-Ti peridotitic garnets from the xenoliths, these garnets are also slightly more iron rich (Mg-numbers 0·79-0·82) and, therefore, compositionally more similar to typical megacrysts in kimberlites worldwide.
Pyroxenes
Clinopyroxenes from xenoliths have Mg-numbers in the range 0·90^0·95. The clinopyroxene with the lowest Mg-number is associated with garnet of low-Cr megacrystic (G1) composition. The Ca/(Ca þ Mg) ratio of this clinopyroxene (0·38) is also lower than that of any other clinopyroxene (range 0·45^0·49). It has also the highest titanium content (0·33 wt % TiO 2 ). All other clinopyroxenes are in the range 0· 01 to 0·27 wt % TiO 2 . Chromium and aluminium contents of the clinopyroxenes are in the range 0·44^1·47 wt % Cr 2 O 3 and 1·54^2·82 wt % Al 2 O 3 , respectively. Sodium contents are between 0·47 and 1·87 wt % Na 2 O ( Table 1) .
As in case of the garnets, the major and minor element compositions of isolated clinopyroxene xenocrysts (n ¼ 93) are comparable with the composition of their xenolith counterparts (Table 3) , with Mg-numbers between 0·87 and 0·96, Ca/(Ca þ Mg) between 0·35 and 0·52, TiO 2 contents in the range 0· 01 to 0·45 wt %, Al 2 O 3 contents between 0·10 and 2·93 wt %, Cr 2 O 3 contents between 0·20 and 1·88 wt %, and Na 2 O contents between 0·38 and 1·74 wt %. Similar to the garnets, the REE N patterns of the clinopyroxenes are rather uniform, with high LREE concentrations (8^80 times chondritic) and a continuous decrease towards the HREE. It is notable, however, that clinopyroxenes with low titanium contents (50·1wt % TiO 2 ) have generally higher LREE, whereas clinopyroxenes with higher titanium (40·1wt % TiO 2 ) tend to have lower concentrations of LREE (Fig. 6) .
Orthopyroxenes from the Monk Hill xenoliths have Mg-numbers in the range 0·90^0·92. Chromium is in the range 0·18^0·49 wt % Cr 2 O 3 , and aluminium in the range 1·14^1·74 wt % Al 2 O 3 .
Chromite
Chromite is present in 21 of the studied xenoliths. Chromite compositions range from 39·2 to 55·2 wt % Cr 2 O 3 and 10·6 to 27·9 wt % Al 2 O 3 . Their Cr-numbers [Cr/(Cr þAl)] are between 48·5 and 77· 0. Titanium in chromite is generally low (50·72 wt % TiO 2 ). Only one sample contained chromite with a slightly higher TiO 2 content of 1·34 wt % TiO 2 . The Mg-number of the chromites is in the range 0·58^0·67.
Geothermobarometry
Equilibration temperatures and pressures for the peridotite xenoliths were determined using the compositions of coexisting silicate minerals. Experimentally calibrated geothermobarometers for various mineral exchange reactions were used to test that all the minerals within a particular xenolith were in equilibrium. The geothermobarometers applied were restricted to those that are more widely used and that are calibrated for fertile peridotite compositions. The geothermometer calibrations used are from 
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The P^Tresults for the various geothermometer^geoba-rometer combinations are shown in Fig. 7 and are summarized in Table 4 . The calculated temperature conditions for the xenoliths range from $650 to 414008C, and the pressure conditions range from 1·1 to 45· 0 GPa, depending on the geothermobarometer combination used. Despite some variations in the P^T conditions for single xenoliths, it is notable that the results of the geothermobarometry calculations produce tightly constrained arrays with similar trajectories for each of the selected geothermometerĝ eobarometer combinations. Particularly the T BKN^PBKN and T Tay^PNG combinations produce consistent results. It is notable, however, that the single-cpx geothermobarometry results in overall higher pressure estimates for the xenoliths at the lower end of the P^T array (Fig. 7e) , and the temperatures based on T Har are systematically higher at the low-Tend compared with other geothermometer estimates (Fig. 7d) . Among the xenoliths, a small high-T group (4 10008C) can be distinguished from the tightly clustered and more common low-T group (5 10008C). The high-T group also contains the high-Ti peridotite xenoliths. Chromitebearing assemblages are present throughout most of the P^T range. P^T data given in the following discussion are generally based on the T BKN^PBKN geothermobarometer combination, which is based on an internally consistent set of experimental data, and which has been tested to be reliable over a wide range of P^T conditions Smith, 1999) .
Cr^Al relationships (xenoliths)
The coexisting minerals within the xenoliths exhibit strongly correlated compositional relationships, particularly in their Cr-numbers [Cr/(Cr þAl)] (Fig. 8) . All minerals show a positive linear correlation in their Cr-numbers, with the exception of the two highest Sample:  20  29  3  6  10  74  9  22  24  75  26  71   Class:  G9  G9  G9  G9  G9  G9  G9  G1  G1  G1  G4  G4 wt %
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TAPPERT et al. PERIDOTITE XENOLITHS, MONK HILL KIMBERLITE chromium garnets, which plot to much higher Cr-numbers (Fig. 8b^d) . A minor offset from the Cr-number trend was also found for the high-titanium peridotitic garnets ( Fig. 8c and d) . It is notable that xenoliths containing minerals with low Cr-number do not contain chromite. The presence of chromite in the studied sample set is restricted to assemblages with a minimum Cr-number of $0·19 for cpx, $0·11 for opx, and $0· 05 for garnet. At higher Cr-numbers, chromite-bearing and chromite-free xenoliths seem to coexist. However, it is important to keep in mind that chromite may have been part of the source lithologies of the seemingly chromite-free xenoliths, but it is not represented because of the relatively small size of the xenoliths.
The correlation in Cr-number between minerals in the Monk Hill xenoliths, and the lack of compositional zoning, suggests that the xenoliths are well equilibrated, and that the Cr-number of each mineral is constrained by the bulk composition of its protolith and by the P^Tcondi-tions during equilibration. The lack of chromite in xenoliths that contain minerals with low Cr-numbers indicates that chromium in these xenoliths is incorporated (i.e. buffered) primarily by the silicates garnet, clinopyroxene, and orthopyroxene. Consequently, chromite is present only in xenoliths with overall high-Cr-number assemblages. Even though olivine is not present in the Monk Hill xenoliths suite, it is unlikely to have a significant influence on the geochemical behaviour of chromium and aluminium in the peridotites.
Based on experimental evidence, the Cr-number of coexisting garnet and spinel (chromite) in peridotites depends strongly on the equilibration pressure, and in the case of garnet, to some extent on the temperature (Doroshev et al., 1997; Girnis & Brey, 1999) . This means that the Cr-numbers for single minerals within a xenolith are expected to increase with increasing pressure (i.e. depth of origin). This increase, however, can continue only as long as chromite is present in the assemblage. Once chromite is exhausted, the Cr-number of the remaining silicate minerals is unlikely to change significantly with increasing pressure. This means that the Cr-number of minerals in chromite-bearing assemblages should reflect the equilibrium P^T conditions, whereas the Cr-number of minerals in chromite-free assemblages is constrained only by the Cr-number of the source rock (protolith). 
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The Cr-number of the coexisting minerals in the Monk Hill xenoliths as a function of pressure is illustrated in Fig. 8 . Despite some scatter, it is notable that the Cr-numbers in orthopyroxene and clinopyroxene in chromite-bearing xenoliths show a linear correlation with pressure ( Fig. 9a and b) . Chromites, as expected, also show a strong correlation between Cr-number and pressure (Fig. 9c) . This correlation supports the notion of Girnis & Brey (1999) that the Cr-number of chromites can be used as an independent geobarometer (e.g. for isolated chromite grains in heavy mineral concentrates from kimberlites). The Cr-numbers of garnets in chromite-bearing xenoliths show a moderate pressure dependence at pressures 53 GPa. At pressures 43 GPa, the Cr-number of garnets increases dramatically compared with the Cr-number of the other minerals in the assemblage (Fig. 9) . This increase is related to the higher solubility of the knorringite (Mg 3 Cr 2 Si 4 O 12 ) component in the garnet structure at high pressures (Irifune et al., 1982) . If chromite is not present in the assemblage, garnet retains a much lower Cr-number, which plots onto the equilibration lines outlined in Fig. 8b^d , even at very high pressures.
Sm^Nd isotopes
The garnet and clinopyroxene megacrysts selected for isotopic analysis have very different 147 Sm/ 144 Nd ratios (garnet $0·5; cpx $0·16) and produce a statistically robust isochron with an age of 189 AE17 Ma (Fig. 10) , an initial 143 Nd/ 144 Nd ratio of 0·512581 (AE0· 000041), and an eNd value of 3·6 (Table 3 ). This value is significantly lower than the expected value for the depleted mantle in the Jurassic, which would be around eNd ¼ 8·7 (Goldstein et al., 1984) , and indicates that the lithospheric mantle has experienced geochemical enrichment. Because the bulk-rock compositions for the peridotite xenoliths and megacrysts are not known, it is not possible to accurately calculate a depleted mantle model age. However, assuming the 147 Sm/ 144 Nd ratio of the enriched mantle lies between that of the clinopyroxenes (0·164) and that of typical kimberlites in this region ($0· 085; Foden et al., 2002) , the enriched lithospheric mantle has a depleted mantle model age in the range 0·51^1·11 Ga. This time interval includes the period of the break-up of Rodinia and the rifted passive margin history of this part of Gondwana (Jenkins, 1990; Foden et al., 2002) .
In addition to the Sm^Nd isotope analyses, equilibration temperatures for the clinopyroxene megacrysts were calculated using the single-cpx geothermobarometer of Nimis & Taylor (2000) ( Table 2 ). The high temperatures (4 12008C) and pressures (44·2 GPa) obtained suggest that the megacrysts were derived from the deepest parts of the lithospheric mantle.
D I S C U S S I O N
Well-preserved peridotite samples from the lithospheric mantle beneath the Australian craton are extremely rare. For this reason the garnet peridotite xenoliths and Table 2 for abbreviations.) The diagonal lines are for comparison purposes only.
xenocrysts from the Monk Hill kimberlite provide valuable and unique insights into the thermal structure and the composition of the lithospheric mantle beneath the Adelaide Fold Belt and the margin of the Australian craton. The sample set covers a significant depth range from the beginning of the garnet stability field in peridotites, at depths of 50 km, to the base of the lithosphere, which almost reaches the diamond stability field at depths of $160^180 km (Fig. 11) . The high abundance of lherzolitic xenoliths at Monk Hill is consistent with previous observations on isolated xenocryst minerals, which were recovered from heavy mineral concentrates of South Australian kimberlites (Gaul et al., 2003) . Xenoliths and xenocrysts indicate that the lithospheric mantle beneath the Adelaide Fold Belt is predominantly composed of fertile (i.e. clinopyroxene-saturated) peridotite. The separation of the Monk Hill xenolith suite into low-T (5 10008C) and high-T (4 10008C) groups is consistent with observations on peridotite xenoliths from other cratons, where the low-T group is commonly represented by coarse-grained BKN, Tay, Taylor (1998); NG, Nickel & Green (1985) ; Har, Harley (1984) ; Kro, Krogh (1988) ; NT, Nimis & Taylor (2000) . n.a., not applicable.
peridotite xenoliths and the high-T group is linked to recrystallized, finer grained, sheared peridotites (Carswell & Gibb, 1987; Boyd et al., 1997 Boyd et al., , 2004 . Because of the lack of olivine and the small size of the xenoliths, such textural inferences cannot be made for the Monk Hill sample suite.
The deepest part of the lithospheric mantle beneath the Monk Hill kimberlite is represented by titanium-enriched samples, which include a small group of high-titanium peridotitic xenoliths and the megacrysts (Fig. 11) . The enriched nature of these samples indicates that the base of the lithosphere has been affected by metasomatism. The high-temperature origin and the compositional characteristics of the megacrysts from Monk Hill are consistent with observations on megacryst suites from other cratons and support the notion that megacrysts generally form close to the base of the lithosphere (Schulze, 1987; Bell & Moore, 2004) .
The geothermal gradient derived from the Monk Hill xenoliths is significantly lower than the typical geothermal gradient calculated for the lithospheric mantle beneath southeastern Australia (i.e. the Tasman Fold Belt; O'Reilly & Griffin, 1985; Fig. 11) . This means that the geotherm reflects the cratonic or marginally cratonic setting of the Monk Hill kimberlite. The Monk Hill geotherm, however, is still considerably higher than geotherms beneath typical Archean cratonic nuclei, which generally follow geothermal gradients with projected surface heat flow values in the range 38^42 mW m À2 (Pollack & Chapman, 1977; Fig. 11 ). The P^T data from the garnet-peridotites indicate that the base of the lithosphere lies just marginally outside the diamond stability field (Fig. 11) , which is consistent with the absence of diamonds in the Monk Hill kimberlites. This observation, however, also suggests that a slight increase in lithosphere thickness or a slightly lower geothermal gradient can account for the presence of lithospheric diamonds in the Eurelia kimberlites, which are located only $100 km NW of Monk Hill.
Previously proposed geotherms for the lithosphere beneath the Adelaide Fold Belt differ greatly from the geotherm presented here. A much higher geothermal gradient has been determined for the eastern margin of the Australian craton by based on P^Testi-mates from lower crustal xenoliths. These xenoliths include samples from the Calcutteroo and Pine Creek kimberlites, which are located in close proximity ($10 km) to the Monk Hill kimberlite, and, therefore, should reflect the same thermal conditions as those presented here (Fig. 1) . Temperatures along this proposed geotherm, however, are $2508C higher compared with the Monk Hill geotherm (Fig. 11) . A reason for this severe discrepancy may lie in the fact that combined P^T data for lower crustal xenolith samples from kimberlites in South Australia with data for samples from Kayrunnera in New South Wales, which is located $400 km NE of the South Australian kimberlite field (Fig. 1) . More important than the mere distance between the sites is the fact that the volcanic rocks at Kayrunnera are not located on the Australian craton, but rather they are located on or just east of the Tasman Line (O'Reilly & Griffin, 1985; Direen 
& Crawford, 2003; Fig. 1 ). The Kayrunnera volcanic rocks also have older, Permian, emplacement ages compared with the Jurassic kimberlites in South Australia (Gleadow & Edwards, 1978; Stracke et al., 1979) . In addition, their distinct chemistry indicates that they are alkaline basalts rather than kimberlites (Ferguson & Sheraton, 1979) . The lower crustal xenoliths from Kayrunnera, therefore, may reflect a significantly different, and probably a much hotter geothermal gradient compared with the samples from the South Australian kimberlite field. Given the lower pressure and hence shallower origin of the xenoliths analysed by it is also possible that these were not equilibrated with the conductive geotherm at the time of their eruption. Additional geothermal gradients for the lithospheric mantle beneath the Adelaide Fold Belt have been determined by Gaul et al. (2003) , using kimberlite-derived peridotitic garnet xenocrysts. The P^T data, in this case, are based on the semi-empirical nickel in garnet (T Ni ) geothermometer (Griffin et al., 1989; Ryan et al., 1996) in combination with the P Cr geothermometer of Ryan et al. (1996) . Although the garnet xenocrysts for that study were also recovered from kimberlites in close proximity to Monk Hill, the results indicate a significantly cooler geotherm compared with the Monk Hill data and contrast even more with the crustal xenolith-based geotherm of (Fig. 11) . A geothermal gradient of $42 mW m À2 surface heat flow was determined for samples from various kimberlites, which were combined under the location name Burra, and include the aforementioned Calcutteroo and Pine Creek kimberlites, as well as kimberlites at Mittopita, Terowie, Wanna Gorge, and Mungibbie. An even lower geothermal gradient of 39 mW m À2 surface heat flow was proposed for the lithospheric mantle sampled by the diamondiferous Eurelia kimberlites (Orroroo; Gaul et al., 2003;  Fig. 1 ). This deviation from our results may be due to the fact that only a few data points were used to define the geothermal gradients, resulting in a high level of uncertainty. It has also been noted elsewhere that the approach of using T Ni in combination with P Cr on garnet xenocrysts underestimates the geothermal gradient (Gru« tter et al., 2006) . Table 3 ). Data-point error ellipses are 2s. Fig. 11 . P^T array for the garnet peridotite xenoliths from Monk Hill kimberlite, based on P BKN^TBKN (see Fig. 8 ). The dashed line through the data marks the palaeo-geothermal gradient for the lithospheric mantle beneath Monk Hill. The geothermal gradient for southeastern Australia and previously proposed geothermal gradients for the eastern margin of the Australian craton and Burra are shown for comparison. The garnet^spinel transition for lherzolite compositions is taken from O'Neill (1981) . Fine dotted lines are model conductive geotherms for various surface heat flow values, based on Pollack & Chapman (1977) . The diamond^graphite transition is adopted from Kennedy & Kennedy (1976) . A mantle adiabat is shown for a surface (potetial) temperature of 13508C.
Although the xenoliths from Monk Hill represent a large part of the lithospheric mantle, they do not provide information about the shallower (550 km) parts of the lithosphere. The results from previous studies on xenoliths in South Australian kimberlites, however, indicate that lower crustal rocks, which are dominated by eclogites and mafic granulites, may extend to depths of more than 50 km . Because garnet-bearing peridotites extend to relatively shallow depths, it is unlikely that garnet-free, spinel-bearing peridotites are a widespread constituent of the lithospheric mantle in this region.
Age of the geothermçkimberlite emplacement
The emplacement age of the Monk Hill kimberlite has been determined as 189·5 AE 2·4 Ma using U^Pb dating techniques on groundmass perovskite (Tappert, R., et al. unpublished data) . Similar Jurassic ages have been reported for some of the other kimberlites in South Australia (Stracke et al., 1979; Scott Smith et al., 1984; Wyatt et al., 1994) . The fact that the Sm^Nd isotope compositions of the garnet and clinopyroxene megacrysts produce an isochron with an age (189 AE17 Ma) identical to the age of the host kimberlite suggests that the megacrysts were in isotopic equilibrium at the time of the kimberlite emplacement, and were above the closure temperature for Sm^Nd in garnet and clinopyroxene. Sm^Nd mineral isochrons that reflect the eruption age of the host kimberlite are not uncommon, and have previously been observed for mineral separates from peridotite xenoliths from other cratonic regions (Richardson et al., 1985; Pearson et al., 1995; Pearson, 1999) . Considering that the garnet and clinopyroxene megacrysts were sampled as random single crystals (i.e. without any paragenetic constraints), this suggests that large parts of the deeper lithospheric mantle beneath Monk Hill were in isotopic equilibrium at the time of kimberlite emplacement.
C O N C L U S I O N S
Garnet peridotite xenoliths from the Monk Hill kimberlite reflect the composition and the paleo-geothermal gradient of the lithospheric mantle beneath the Adelaide Fold Belt at the eastern margin of the Australian craton. The geothermal gradient derived from multiple mineral equilibria is well constrained and extends from $1·2 GPa and 6508C almost to the graphite^diamond transition at $5· 0 GPa and 13008C, indicating a lithosphere thickness of 160^180 km. The resulting geotherm is consistent with the transitional setting of the Adelaide Fold Belt between the Archean Gawler Block to the west and the non-cratonic Tasman Fold Belt to the east. The presence and absence of chromite in the mineral assemblages accounts for much of the compositional variability (particularly in chromium) within the predominantly lherzolitic xenolith suite. Additional enrichment, mainly in titanium and iron, is restricted to the high-temperature (4 10008C) group of xenoliths and to the macrocrysts (i.e. to samples from the base of the lithosphere). Sm^Nd data for clinopyroxene and garnet megacrysts define an isochron consistent with the Jurassic (189 Ma) emplacement age of the Monk Hill kimberlite.
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